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K i^43 

CCt^CCCETJZLY WHm^ A OURTSBBAHEUI OIL SHUS 'JO 
CXliVIB PERCEftBILOT AND StffiSBCU»n3,V PK3DOT OIL 

IKis i.TTvention rolarted to rBzororin^ oil. fxcca a SubtBcraneaa 
oil fihalti by iiMTm of a ccavSuctivo heat driva pmneww, .^tore 
iwticularly, tfaa invenUan lelates to treatinq a ralato'ely ttadK^ 
and substantially cooplfltBly in^axneable sabtorrfmc^ oil Rhale by 
3 nfianfi of 9. ccxn&ictlvo boating pxoraMs which bo^ creates a 

penitoabla ame witbin a selecSjed portion of the oi X shale as\A 
sub99queiirtly ptt3du£9iiB Bhale oil lij^ocarbo&o. 

A p9tnsabiliLv-ai£bd type a£ cxnducti.\w heat drlvo for 
producijtq oil frcni a sulbtunranean nil sbal« Invented in swocten 

10 F.Ljtingctrcem. That pKOiTeu, wtUcb wod inventad aboot 40 years 

ago, waa camiorcially uead an a groll scale in tho It is 

dfiiiaciribai in Svre&iab PatfintA N06« 121,737) 123,136; 123,137; 
123,138; 1^/712 and 126,674^ In Ubtted etataa Patrat t4o. 
2,732,195, and in jonmal. articles such asi "Qnd at^rcr ongj StuJe Oil 

15 Pj'iolyais According to the LjuogstronD Matixid*, \folwna 7A 

(1W3> tio. 3, pagas US to 123, and "Itet BDSxgy Recovoriejs Por IJio 
In situ Oielftctrlc (iratiitg of oil Shale", Oil Shaie Syiipoaiuoi 
Pxoosodingfi 11, paq^ 111 to 330 a978). Id tfao 3»«di8h pcmcaaa, 
l-aat Jjfi^ecclcn wssUa and fluid producjug walls wee ocxEplated 

:ro within a penreable nbar^93x£aca oil abala farnation so tJ^t tJiertf 
wftB iMS thao a threa-<i«tTB separatiOQ betMean tha bor^lea* The 
ivsat, iigecticn wells were ciqulpped with el«ctx\cal or othsx haatlug 
olccnoirts u^ch ymcm axxxcundsd by a nase o^ not^ial, sash as oBnd 
or oaraont, arranged to Cransndt haat inbo ths oiJ iihale wbile 

2S S>revcntlii9 ^ iii£kwin9 or outflcwmg o2 Ouid. In tfaa oil ahale 
for whic^ titt 8MlUh irn xj a ft s was designed ^eid testsd^ thd 
pfrnneabDity was such tiiat, due to a omti i ig-jua inf Vonn? of oround 
^ter, a continue pcvpiD9-oat of wabar was D^dd&i to avoid 
wasting energy by evaporating that «abar. 

30 With respect tzs jniastantially coo^Ietoly i2Epcaaaatable, 
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i-kilatively Adap and Kts.ULivciy thidt oil diaie ctepo»itsi, siicfa ao 
tivnso vn the Piceance Twwln ii\ tha lliitRtS stertoe, tha poflsriMlity 
ol- otQizing a cxMUlutAivB heatjiig prooaba ftsr ptrotajolixj oil 
prewicxiaiy ooiwic^erccl t3> be — aoooGcdiJig to prior tCAcbinsfa and 
belieis -- «:iTncndcaUy unfeaaable. Fbr exoiplaj in the 
ahcve-idcntified Oil Ghftlii SynpoBvura* the Lj\vv?s9t*jno«an pocoooas is 
charact^n^od cia o pronoa? which ".^^Auccesslully raaowmod ^3lMLo 
oil by flBte<5ding tiibular e.lBCLricai hecctrmg eloamta udthin 
higl^^adfe ahale dqpooits. Vhln weuhcd reliad on OT<ainaiy tJiannil 
diffufilofj for shaO.e b^^tlting^ which/ of oourEe, riBqiiiTea lai'iju 
tfienpenratAiTQ <prfidient9. VlTUia, heating wary dtin-unifanoj nantho 
woxe TiRquired to fully cetOTTC snail ttwcn-sizii blodic of flhalfi. 
Also, much beat eiTsrgy was woatnd In mtdbrinatinq the shale ragimn 
l^yoncl tha psidjoihery of ti)e njUxLt jpg zone etad c\'GrhB9i:xn9 the 
KiialQ closest to tha heat oouroe. The Utter problisn i« especially 
iittortant iu the cfi&« of T^Vmem shales , ainoe thenned *a-^iqy i.a 
cwerhoartad zanen, cannot fully rccovcrad by diffusd.on dno to 
CDdothoiodc reaction? vhlch taka place abovo ^favjt MO fpsK^ 

In flubstantially in^Erneafole types of relatively thldc 
fiubt£irraneAn oil ehale £aQrn»tJ.oaS/ t^o cxootij^ and oaintaioiD? of 
a pcJCiToabJLa ttaoe 1.hox»igh which the p^'rolysis producta can be flowed 
liaa been found to ba a severe prubien. In uft Fatcnt Kb. 3, 468, 376 # 
it ie fltatea (in od1&. 1 and 2) that "th£T« axv tuo jvxhanioiB 
involved iu the transport of iieat througJi the oil ahale. Heat ia 
transferrod thixsugh the solid maca of oil cthaXe hy coeiduction* 
hoat is nlaa txauafcrrod by oanvoctinn tl\rough tha aolid traee of 
oil t^>ale. "Stjc tranftfor of heat by obaftthtetion ia a relatively alow 
proo^^. The average Chencnl ocndnctivity and avtazage ttenoal 
dif fnsivity of oil afaale are about thoM of a fiieS»rie)&. The cnatrix 
of enijd oil 2hala has tm foctreoBly lew tazxeabillty nuch UIqq 
um/Ltsed pacrGvOala. AS a xt^vultr the ccflorvccti^ txwucfer of heat i£ 
1 I fftit A ') to heating by fluid flotce cbcaixxd lis opvi channels ^ich 
tra\«crtta tha ni\ flt\ale. tbeeo flok: channels saiy be natural and 
eu'tif loialiy ioducad fractuincfi. . . . Gn hRat.ing# a layer of 
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pyiolyzfKl oil GdiaXa faiiUto ebdjtaatit the cbanncl. Bda Uyerr 13 aa 
inorganic wm-ral matrix whii^i .coontaina varjn.i^ ctegproes of cattoD. 
•ilie Icorar ia an evcr-«xpandir^ hairier ti> beat flew frcm t)» 
heating fauici in the cbaasnal." tte patent is dirBcted to a proaasB 
for d rcul&tijig h^rated oil (i«ilr^p5rrDl.yzlrfc9 fluid through a flow 
channa] while firiding abrasive ptfirticl#» to tl:e cinaiiating fluid to 
erode tha layer of py»Uy7:acl oil fibale haing formed iidjareat to t3» 
chsumol. 

Althou^ thm th^omal ccoductivitj' and thoanii dififiMg.vity of 
/remy svd>tenMiiflan oil ahalcs ane, in fact, rdativiely airo.lax to 
chose of unglaxecl pctcaiaii) and fircbcidi, US Patent Ife 3,237,689 
F09twLat-os that "a rapid adv«mc« of a Iioat froitt- (CoJ.. 3, lina 7) 
cen be obtained by exchangisg baat faR t a aecn die oil sbal« aiDd. a 
nuclear reacuGi: ceoliTi9 fluid aitd dpurrdJbeg syctofts for lurlng 3uch 
reactora either located on ths earth's surfiaca or In ths oil abalR 
deposit. 

iiS Patunt Nb, 3,2M,2ai tutyv (at OdI. 1, lines 3-Zl), 
prodDction of oil frcoi oil shaLe, by baati^g tbfi ahale by various 
cn^aiiB 9uCh as . . . £in ela^brical reaiatarca heater ... has h^f^n 
Attempted with little aoccmsm^ . « . nnbcturiog of th9 shala oil 
prior to tbo application of hnt thereto by in sita ooatustlon or 
othar wems b&s bean practised villi lif±Ia success Lecousa tha 
shala swalj.9 upon Itoating witti ooDSOCiiiflBit partial or oonpletia 
olosuro of the fractura*. Iha patent deicribca a pcnce»i of 
SEc^uratially haating (and \±us ewblliixg) tha oil £h£ile/ thm 
itijaotin? fluid to bydraulicaljy fzacture th& Gnoll^n steOe* then 
repeating thDi» at^ unrtU a haat-stabla fracture hi^ basm 
rxropagatfed into a piodiXTtioo ^toll» 

i^S PatQSXt nt>^ 3,455/383 daficrzbea the acccEnolatiaa of 
pitrtially deleted oil tfaale CragraoEitfi within a flow cbamicl such 
as a horisdntAl fractuto being held cpee by tl:a vj ».e flaiu« of tJie 
fluid witMa the ct^mscl. T9ie patent ^ixclosos that if the <^isuru\el 
Tcot is llTtiad to 9«imaiJi a flow path above sodi a lay«r of 
<^le^:«d shale, tte ovisrlylJig rocotntioaa rmst be bent and, «itltout 
pre^utions, will bsnl to an exteut causing fractures to ei>tt£svi up 



to thm sajrfacc of tha €»Tth. ntc patent ip dinscted to a prooeft-i of 
iDtftrndttariJy roclixjijig th» ptw^urc on tha rirHA wltMn ajcti as 
fracture to dllor tha weight af the overbarden to crush and octnpact 
the layer of i^iot«d shale. 
3 Tn a oltjnifirnnt portion of sud3Btarttla]Jy impofseable aiv3 

colativBly t^c* oil efaalA depcisit9, b"uch aa those in tha Pioaajicc 
Basiii/ d vaioabXe resouroa uf aXimjium is pi^esent in the Icna of 
daioanitB. In OS Patent No. 3,3W,97St dlrtectBi to reoovorlii^ 
aiuidniaia valiiQ» iron retcortod oil kts^Otm ha^ baai min^ out 

10 fron Bocii deposits, it is pi^littcd out that, in a ^ibstantial 

abaonoa of water, at t«|jeraturw of about ue» tJ* da«iionite I9 
oonvortfid to cr^fttalllnd fiyiiiBn aXumiJ^to. Such a Mat^^^frde 
xeCorting can ii ij >i j»a dolcmite in tbe shale to pttoducs carbon 
dicxlde/ calclte, and iimgnssluin OKida so tt^at lEa^Dcaiuas oKicSa 

] ^ ccnblnra witb part of tha alLiodD dlcodde in tbs studc, io esamar 
pennittiog a higher rooovttry of tha aluaioiuia valoftg ^ a i^w^fmy 
pnocese. us Potont Mo. 3,502,372, dirocted to utilLcmg ooXatixm 
midog to zttcovor dsMaooibe* iiuXLoataa that ^dWB tte pyxolyaia ig 
«£fiecrted tsy an aguauufi flnid« SQd\ an ateai or the pa?odoot8 of 

20 undar^rtniDi oocctxietion, it imiet be ccnductod at a lov tec^p^raturia 
and Uti]9 mlativaly alcarly, to amid ocnvertlng the dss^sonita 
othax soluble aluminiiza ocoTOonds to an insoUdble materlAl fiijch ^ 
analciti&« In Patent rt^. 3,572,838, a similar rBlati\<ely lew 
teci^peratura pyrolyol a I9 altomatsd vith Infections of an oquscua 

2^ aDcallTie fluid oontaining an acid-l2)9olUhIa chalatlng agent to aid 
in leaching dasreonlte without focvun? InsolublA ooterialB. 

'Cha piesoQrt in\<«atian colates to a iigocana foe oonductit^ly 
lieatlng a &i±rtsrxanean oil shaia fiooatlon in a satmer arranged fpt 
^Bcadticixvj oil fxQQi a eobterzai^an oil ahalji tenatlcD \d\ldti ia^ 
initially / ^ibscantially iji^mBable. m acmr ilm \ m with thifi 
irR/onticxi, tfae pooction of oil abala depoalt to ba tzoated is 
selectud, on tha basla of tha variaticm vith daptfa in tha 
cnr^oeitlon an ixcpartiea of its ooiQpLn«nta» to have pcopartiaa 
capable of intacaoting in a moncr vdiich enhancee the tmifocnity of 

^5 the heat Cxonta to an extent liJiu.tio9 tltt tine and enexgy 
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oxpeadlturfls producing tha &il to values equivalent to Uian 

tha value ot thm oil whlcti 1* pro<l«c«4. Tho aeXectloo of th« 

tteatnant interval Is ba««d oa th« gr4d« dnd thlckn«&B o£ the 

portion ot oil cbala deposit to be treated end the enhenceoient it 

provides amounte to reduqing tlie eAouat ot heat energY loet doe to 

exothertftlc eide roactions and iocreeelng the enount of oil 

recovered fron a given grade of oil ohale* 

In accordaoce vith thle Inveacion at Leavt tvo veils ^re 

coinpLeted Into a aubterraneao oil Bba>,e treataaot interval which 

1& flubataatially iapermeable. containa BuMtaatiallY no uobile 

water^ is at least about 30 m thick, is capable of oonfioing fluid 

at procees praaaure, at le*i»t aubetantially witUln tJie treatai«nt 

interval, and oontalufl a gt^do aod thieknea* oC oil shale auoh 

that the average grade Id gellona of oil plus gae aquivaleot per 

ton by rieoher Airaay is at leaat aboat 10 and the product of the 

grade tlmee tbe thiokAeaa 1q netrea of the oil 8bal« la «t least 

about soo. 

Thus, the present invention provides in a process in 
vhlch cll Is produced Croii a euhterranean oil shale deposit by 
extending f»t least one eacb of heat-injecting and f luid-^producing 
wells ioto the deposit, ost«J>liabing a heat-conductive fluid- 
iviperiDaable barrier b^tvaen ibe Interior of eacb beat-injecting 
TuelX and the adjacent deposit^ and then heating the Interior of 
each heat-ln)ecting veil at a taaMHratoxe sufflelent to 
coudoctlvely heat oil ahale kerogen and oause pyrolyale products 
to for* fractures within tbe oil shale deposit through vhlch the 
pyrolyais prodacts are diaplaoed into at least one prod^c^lon 
vall^ an loprovement for enhancing tha unitcnalty of the beat 



m 
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fronts ttovlog Uirouffii th« oil sbal« depotJt, which coKprlaeor 
aet«nBinlQg varlatioQa with depth in th« conpocition and 
propartittB of tho oil sh^i^ deposit; 

C0TDpl«tin9 said heat-in Jacxiog ana f luld-pxoduclng wells 
selectively into a treataant interval of oil ehale in which 
the oil shale deposit (a) ig at least about 30 m thick, (b) 
la BMbatantially iioporneabl* a.nd £roe of mobil« vater, 
(d) has a coapositioR eud thlekneBs such that th* product of 
the average fincher Aaea? grado tiaae the thlchoess of the 
treatment interval is at least about 900, and (d) thereby 
contains conponents capable of interacting in a manner 
enhancing the uniformtty of a front of conductively 
traasoDatted beat^ with said wells being arranged so that^ 
at least stUsstantially throughout said treataent interval, 
tho veil boreholes are substantially parallel and are 
separatadi by substantially agual distances of at least 
about A mt and 

withizL the interior ol each heat-injecting well realntainlng 
an averaga tamperature vhlch, selectlvoly along said 
treatnent interval r is at least about 600^C, but ie not 
high enough to themally damage ec(Uipment within tha well, 
while host ia being transnltted. away f ron the vail at a 
rate not significantly faster than that peraitted by the 
thermal oonductlvlties of tha sarth formations adjacent to 
tha heata4 interval vitbln the well. 

In a looatlQQ in which a subtorranaan oil shala may 
contain portions vbich axe generally suitable for aag as a 



treatment lat^rvil (as deflcrlbed Atoov*) but are ape to b« 
X moated by BubBt&ntiolly disconnected natuxal fractoree AntJ/or 
planes of veakness as well as boln? IocAt«d near boun4«rleQ of tha 
gil recovery pattern and/or near a potentially active aquiier, the 
operation of the present process can advantageously be Dombin^d 
with a use of •?uard ualis" located n«ar the periphery of the oil 
recovery pattern and/oi: betvoeu a productioo well and an acfutfer. 
Such guard wells are extended at least aubatantially throughout 
10 the vertical extent of the treatjnent intervals end tha adjacent 

foriMLtlona are InitiaLHy beatad by therual conduction in a oanner 
similar to tbat enplpyed in tbe haatwinjectino «allSr except tliat 
the guard wells are heated at tempcraturea wbich aro too lov to 
gasify significant proportion of tbe oil shale organic conponenta 
but are high enough to cause a tfignificant tberoal expanalon of 
the roch TOatxix of the oil ahale deposit. 

in sons instances, it nay b« desirable to maintain soch 

a 
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reJAtivcly iw terpetamre guani wcOi hHafcing titrcfjgtout at least a 
giAstaaitial pc^rtioo of tha slale oil rAX^«evy prt>=eaa. In other 
inntansco, {iltar cm initial rBJat-lvoly lov teapBntura heating of 
the guard ^llSi it BBy b£ oiyantaqeaLni to h^L guard ^lla iit 
5 about tha tenperaCure aclo^cd fer the hsat-iirjecting wollfi, iu 

ordar to expand tha pattern of tt^Qlla fzcm utucti oiJ ic- di^laotid by 
thsnn&l oarducticn. 

A3 usad herein xwgaiding th« grade of tbe porticn of oil 8haX« 
to bn tn&%ted> tbe ''average grads in gallons too by Pisc^jar 

to Assay" refera to the follovuvj; tha dAtarscuiatioffi is or la 

eqalvalcnt to a datamixiatlcci oooducted substantiiaiy an cts^crUsecS 
in tha dsm Standard Test Method M 5904-60, Ccushcd rax ataalQ 1b 
liimplai by rifflc^spllttUig. Htm detamdnatiCHi of tbo majot o£ ail 
pluB gas eq^iivalesTt availablci- fron ail ghaJe i» nade fay heating tto 

13 raw Ghald fzmi <iBi)ier^ cesqceratutc to 50 Q in cast aimnlxnv* 

allo^' retorts. ^ vapoard diatilled frcei tho smplm ar« cooled ard 
tha mrolenwd fractojai is nol 1 anted. The oil aiid vater factions 
arA oa^oratad, tba mter voluou <oor»«rtBd to veii^ eqoivaleot) Is 
moa&arad and anbt r acfr M Qrcm ti» oil plos «atar vaigibt» Vhn waic^. 

20 o£ imooflfutonsriala ^aiaaa evolved Iga^-pliiS'loss) is then calculated 
by difference. Ihe gsada, ds used in tba "grade times thickness in 
nertxea of oU sdiale" produce, ia tha gallem of oil plus 
JiydxQcarbcn <|&a caqoix'alent corrospondlng to thd total ^eiqtit uf niJ. 
ploa hydrcceurbcn ^as £Vol*Aid by the heating. 

?^ ITie vt^la are oongpleted into tin treatznent interval ar^ 

arranged to protfida at least ona eat^ of hfiat-injcaotlj^ and fluid* 
proludng vaalla havlrvg boxoliDlcs which , soibatantiAlly tteou^\out; 

txcatfoaant Lntwtval, are aubstantially parallol and axo 
separated by subslaotlally cqLial Hiat-anrga of at least aboot 6 nu 

JO To eacS) Inst^injacting «all« sisbstantlally thrcfl ghaut tbe tt e atn g ut 
irrtcfval. thio wll-suxxoondlng faoa of the oil rtale £o\ mil i n n is 
9ea3ed vith a solid SBtarl&l and/or cenant \^ich is relatively beat 
oc3ndn=ti\<n and substaptiRlly fluid im p amnihle ^ In each fluid- 
prtx^jciDg w»llr sttetanCially thicuc^cut tho trmLjnait intarval, 

j5 fluid OQDxfloucation ia Asitabli^Md botHOon tha wall barehola sE^d 
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tin C2il «^iale fGonnatloo iznj th» is arranged lor paxjducir^ 
fluid ixaen thei oil shale foinixticsi. The interior oi each, 
heat— injadirQ is hofttcdp at Ifiaat sobstanttiaUy tlica.2^bcut 
tlie trcbtioffit intorvali at a rate or ratasn oa|inta>lft of (a) 
Increasing tha tssfcmtara within the bordtolA intarinr to at lease 
abcfjt 600 aiai (b) naintai.nlng a torcboifi intErior tflnpennatiire of 
Qt least ab^dt 600 ^ withoot caeusing it to bQCcna high enajx^ tn 
thcjsmlly daiaaga aquipcneut within tfs bor^le vhUa tJw rate bt 
v^ch h^aat Lb gsoeratted in the bcr^le ia ftabetmti^ny equal to 
that permitted hy the hsaat oatwtttctivity of the oil bhaltt i c uamti on. 

In a pcv^rred catodLbexxt of tim pzessit prooess* tha. nsatariol 
for aoaling tfaa face of uhe oil fib&Ui tnrxiki i xm alcng the bor^lo 
of at- Iftftgf. CQfi hfi3t<-l7r)<y:ting ucll ifi a cId^ battrxi rasrlng 
qrcTotje^ b^' CGSUEDt orzanqnd to fiU sii»taatialiy all cif tha 9pa:s» 
hatxsen each cot^mcMit, Autallic elennyt present within ttio Ijatorickr 
of th2 borehnitt and tbe adjacent i»om of tha oil shale fmmticn* 
\9ith aaid ac<m»it ha\^ng a ttiezical oanidoaiylty at Xaftst 
subatantially as hljgh as that of the oil shala fonnaticzi. 

Oateamnatloais an» nods of variatloo? witti dapth in tia 
ocutmitioci and pzoi^irtiBS of the oil ^Xe depoeit and. In a 
S^urticul^irly preferred prtccdura, basad cn thft variation wltli dcptb 
An the h&ad^ ooDdusti^dty of the od.1 Aftla depoeit, tha heat- 
injecting vf5lX<9 axe ]>eBtfid so that relatirTelT hi^wr Ccsperatuioft 
ar& applied art dapthe adjacent to portlane oi the oil ahaXe deposit 
in viSiich tha hast oandoctivity i? relatively lor. In odditiao, or 
altematJlvely« in vaxloufi eituationa, tha effective zadlvs oif at 
least one hiaart-in j«st£i^ i^eU ie increaeed fay creating an px^CTTvi?:^ 
;portian of the well booKdioIe and ■attanding haat-coodacttng metal 
e]jeaent3 Snxn within tha heated well interior to near the of 
tlui expanded portion of tho harehnle» 

Vhm presaDb process is valuable for uaa «ithiD a tacMtwent 
intexvial of oil shale ^ich OGontaina odser valuable nina£al<% such as 
daMsonlce and/or nahmlite> in such a situation the pitt&aaat ^vDnefig 
creat«s a rerKcabli& eooe «hlc^ is selectively located, within die 
trmtncTit LQberval and ttsbetanti&Uy within ths IxoDdaries of tha 
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v«Z\ paetam ustsd far the oil protiictiocv, Tha rewltant pcruodala 
znnn 1.1 a zcm £xan n^icb soch other cointrals can ba anlntiorfc- 
mirted« 

In qeoscal, the pre&i&it invcntlxTn is applicable tu 
fiubBtitttiaily any ajflstccranam oil jihalj^ aeposit oootaiuing an 
intervfil of BUbvtanHRlly iu^pAxtoaablft oil sbaJd vKich is 
sujhataiuially frco of mohile ^C©ir< la jdujx- than abnut 30 m thj.c^, 
uad has au adcqoatc overa^ ^rade in gallons p&r tuo (Pincher 
Afiary) to give a grado-thidaift8» product ot about 900 or gceater* 
Ths «vQrag« grade of the heated idtcirval ahoald be qreatox than 
about 10 gaUooft pm: ten (Ptsciw Afisay> . vathin thaaa lirninaticnc, 
a hi^sr giadc-diickness pucodnct ).3 inorca3ijrt^y desdrabla if othar 
oanditlorui euch as dspth rmwln tha tsarae. 

the iin/entiaD will iicw bo cxplaioad in greater detail wlt^ 
refiererce to tte aoooopanying dtend23984 in u^ilchs 

FignxB \ sbows a plot of rslgtive rate of return (RR} ior 1982 
US dolloze irweeted in inst&IUn? and operating tte pioooss of tha 
pomont iiwantioQ, as a tTntotloa o€ oil shale grade^'thicdcaea^ 
(GkthI conduct, to proince ahalo dl a± its 1982 valwi. 

Figoxe 2 illuatrataft a plot of thsznal ptromafl at an 
ci^fidrvoticn \mll icegarcUiig teiecfiraturea raaasuried at dif ^ercfit 
depths (D) and tijiM within that wall. 

Plgure a is a plot at the radial thsamal profiles at the 
ndjddle of a heated «oaie altar diifecent tiziaa of heating. 

Figure 4 ia «i plot of tttensel ooanducti^dtiee pai:ana1 and 
porpendlcular to the bodding plaaea of an oU shale as a function 
of tcnpcratuio. 

Figure $ is a gxap}> of Fiacber Aaesy yield wttib d^ptb (D) In 
and abcm a heated pcxtion of sdMserrondan oil stiale. 

Figures ( end 7 axe plote of horisoomal and vortiool 
tenpacature pffoflles within a heated portion of yMrtrrmsBn oil 
fihala fomation. 

Pignra 8 ie a ochosetio illU£tratioa u£ a pcactiaa of a well 
cCdplstion arrnievent soitable for practifiing tha pnaanrt 
iJTventioffu 
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wll pattom u&t^ far the oil proJucticru Tha nwcaltarn: FcrsaMhla 
zrw 1* a 2Ct3id Crca vHlcfa audi other cOLncrala can oilntlorfc- 

In 990Qralf the preatat invention is applioabLi tu 
o A> Bt n nH ai3y any subtcmmaan oil jihalj? deposit oootaining an 
interviil of 8iib»tant.^«ny IxnpftrmsaisbiA oU Bha3« which is 
aubatam-ially £rco of mobile Kacat, la atocc than afcnijt 30 lu thick, 
uad has adet^iote tJMGtwg^ gxsda 1a gallons pof tua (Piac^i^ 
A&&ay> to cfive a grBda-thidcrjfitfs prxxSuct of a3baut 900 or greater. 
Ths Average gritcte of the heated liatorval ahould be gieateo: than 
about 10 fjaUot» pm: ton (Ptscfier Asfifty) . Within thaea liinicaUonfS, 
a hic^iar grade^thickDesd pmrinrt ii9 increasingly d&suxabXa if ofchar 
canditiona surh 99 depth rcniedn ths saoe. 

'Ths ijxuvntian vill new be c»pl&ix2cl in greater detail with 
ireference to the aoocnpanyxng ^tfnfXBeys* in vSildiz 

Pigitta 1 a plot of r»i«tive rate of return fHO for 1982 

US dolloza iiweeted in ixistaliing mad operating tte proooos of tfad 
prosont InvantioD, as a fonotica o£ oil shale gradeHihlctos&s 
(Gm) pCQduct, to pzoJace Aalo oil at ite L982 valcm. 

Piguxe 2 illiistratiift a plot of thsaiaal profflwi at an 
dbearvotian well regar^t? tar p eratu rea neaBured at diftarent 
depthsi tD) and tiiisn within that will. 

Plgure 3 is a plot at the radial ttaonal profilfifl at tha 
rtdiddle of a heated ram aftor dif £Bxent tinea of heating. 

Figure 4 ia a plot of ttenoal ooao^Sactivrltieft prtraHa'' and 
pcirpendicular to the tedding planea of axi oU ehale ae a function 
oC tcoEpcrature* 

Figure $ is a qiaph of H^cfaar Aeaxy yield %irltjb d^pth (D) in 
and abcm a heartttd portion of eubocmB^an oil <tele. 

f igures 6 aoJ 7 are plate of horl:9oinal and ^artioal 
tenpacature pcofllfis vithin a heated portion of subfaerranaan oil 
shale ftamsatton. 

Figure 8 i« a echtttttio iUuustratioa o£ a pcstioD of a 
ccoplation arrang^eent ^oitahlo for piittcrtifiing tha praasnt 
inTOttloiu 
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tccr aoirir LjiingstiDsa teaOwa ctaat tha in flitu heafcuig and 
pyroly-iing shtmid ho dona ixi a portico oC t)i» ijEpaTTte<d>lc fomattiCBi 
which 15 vertically ooffttigtioua to q ^ll-ljttutounrjBctiuq frsctxn^ 
or a layer ^ilch has different geological character azsd ia 
permej^le to How of the tluid produnt-a of tbe hcatixjcf or 
pyrQly.iifl, 

Ccotrax^' to luplicstiesna of such prior tnachinqfs ai^ 
beisiefs, Ap(»licanC3 dtoocworiKl that tho prcaently dsscribad 
ctxiductive haatiucr prooe!33 is Qconaoicaliy feasible £ct usa in a 
aiibotantiaily Inpeinteable Hufeterraman ail ^3«. Thie is not 
obvlouji, pnrticularly in via? of the fact that tha pre-wsnt process 
uses a isucai larger tfcll s^aiziivj than ttet u&t^ in the Swedl^ 
piTxie!^ and tho prea^it process Is condEictQeS by heating th» 
injecticn irells to tenpecatures of at laaart about 600 *C ^althongb 
600 *C baa been »id to bn conducive to ajx <iCoeiaidcal]y urxtenablA, 
hMt^W5tl09r endcTthennic rosctiony, eee tho Oil St^lir Syxpoaixm 
Prrjcaedin^s n^lottad above) . 

Bp nesns of laboratory field tfitt trg a a m m m ca and 
jnathematsjcal nodals of tiis pFesent proooaa, applicant:^ have found 
tJiat whoa tfaa wella ara ^aaad^ oonpleted, md n^mn&wA 9a 
pnseeutly <tecrri hgd ^ the only region in vthlch heat enorgy ia 
utilized in 9i\ endothandc reaction anamts to leas tten aboot 
of tha axMa to bck heated, and tha ewngy lost In that feridcn is 
inaicpiif ioutt. Aipplicants bavo mddfitirad the rate at uhich 
aiibatant tally liipona^la oil .shale focaatiana ara taaated by 
coDduoti^dty, and have datarbdrad the amouDt of boat requirad for 
PV'JCol^'Bliig KaroQtoi and themally porassurieiog tha pyrolysla 
producta to pnaeeures oapabla of fcaicTturlng a mlativbly ^yy oil 
^h3'.\m Ccanaticei aod tiazsally displacd^sg prrolyaia pcodn^ta through 
tha tto-«reated penrnhirity, 

Tha data dbtaanad by sucfa ociaaareaotta Id tte field ac^ in the 
laboratory hiM faaan «*plc^<^ in oaloulatiora at power rogulro- 
naorta, ocamnlcs, tiua to etart proe^^ctioiif ptoject ducatico^ 
aaoont of pcoductico, ate*, in satbocatlcai sinulaticns ttat 
OQcxvlalje witti tho fiold soA l^oratory data and -tT-/4jr^»»^ the 
(oas^iitocSea cf such factora io rmapte^ to a full soaia 
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T^JW calculatioiis ijttlirat* that thn prc-TODtly defined pctxxoeu is 
tha oniy ahsls oil. j^roctoction ptooc»a of whf.cti ciivUcantB aco cwan 
w>iLch Is oftpabla of cccnariciaiy Qijfeaining oil Crcm a relativcdy 
lew grade oil uha^e fcmatifm, such as otm in ^^cii tha Plschcr 
Assay .13 OTly 15 galiocw or laoe per ton. U»» capability can 
incrcaeti tha petroleiro rcftfirvoa of a aigrvi if lonnt propcarttco of tha 
oil clMdc lanita by a lAtor of six. In wSrtiticn, vrith respect to 
proD^wes lor unteTjroiilvd mining and fltxiified ii5 fcitu mtnrtijicj cl 
oil iiiaJc, the pa:wBsnt pvoceam fri^ificsantly 3jv:redffca the aiwicnt 
of avaUoblo leaadnaa tiy eloaiij^ating ttw for 94901^ jiiiiarn 
and iutorfnardan between nrijiing zoim» and by providing a tscans fur 
treating srbfitant tally all of a very thick iiTt«r/al of oil rjhalc, 

T!ha presott process can odrantJigooihily b« flfplied to ljd oil 
Bhalje fomaticn in vtbich ttenc ifi Bignificant cxmsentraticn o£ a 
minsTal snjch as ^sEsroonita or naboolita. In sudi a roxmation tl» 
pxocuwi proTid^ a peixncablH zone from tihich a otuiaEal can be 
rcocn«Bd« in additionr the ptreasnt pcrocQfifl ia pscrticularly 
ddvanta^acoa in coaverting dsMonita to wator-sQloble CGD^ounda of 
alumlniuii (ptxbably cho-aXccninal ^ich have b(» {both dwnicaLLy 
find phyeicadly) node av&ilable fonc solutian-adxiingr to prodooa the 
aluadnimn — an eaawitial notarial %rfhtc*i is in ahnrt flwpply within 
the Qnited states. Id cgntrcisfc to many previoiUiiy propcdsed 
pnocessafi, tba prooaas of the present is^'entlon rogulrttft isub- 
st^mtiaUy no water, ircTOlvas ndnwal lard disnopticai, and can ba 
ccciductBd with odninal atnospbaric poUuticoi. 

Pigore 1 shc^ the rolotiw race of rstum for. US dollars 
invosted in installing and operating the pt - e se nt proeaan in field 
aj?pli cs.iicns that have boon oatlaBmtioally nodall^ frcm data 
obtainsti by tleld and laboratory caiajtureNeDts. 

A D^riaa o£ injectli:n and productioa walls js drillad into an 
oil sh6da Ibcxution 48 a in thicioiess with 120 n of owerburt^ Tha 
avexB^ oil grcdB of tha ijttari/ai is 20 gallcna pwr ten as cletar- 
nlJKxi fay rdscbcr Amy* 

ISte «cll pattAm in a somn-fipot with oac^ haat inj*=toc ab 
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tha comer cf a sogol&r hoxaQon sarzaundlng a oci&rtral producdnq 
wall. "Ow spacing Is 22.5 a b-ts«an pmaducers and ij^Jectora. 
pfttt&m ropnta with pcoduccra idiariRg tha iD:^tnr9 in eac^ 
airecticm istal ocrtijnw co tono & tield^witte pattam capable of 
5 proAiciJsg a larg« quantity of oil. I^c Injector-tcy-pnaaucnr ratio 
ar^soadtiM 2 to 1 id a Xaxga fieJd. Tn fbcaflDpX& 1 tbd tntal nil 
proiuccw is 25,000 bcuxola par (Jay throagtoJt "n^^* of tlui 
project. 

TSp^ injection elecbzlcal haatera orn cmvfntisd into 

JO fcDCinatloQ aod ooDnazbad to a power soosoo on tbo ttor&ca. Itm 
production vdHs are oqulfived.witb atzindacd oil f jueld punps for 
lifting tha prodi>oe<S oil to isur€ac^ iVra electrical injection 
rato i& 3.23 X 10^ mVAceU per day. Ihd tBtcarstnre cd the 
injcctora attaixw 750 ^ iVie prodDCtlon uclla raa^ a tezminal 
15 tenpiarafcura of 300 •C a£t«r 33-34 y^sxn of cperaticc. Pixidim-lnn 
ovi&ff thi6 pvnrioa ffvexages S-6 barralii/dcty par wall, idtti tto 
avt^sago ainfaar of active pcoQacixsq welld balisg fi\3A ;ifaout 4000 to 
5000* Eioat OQett)Ui47tion i» 1.1 x 10^ lUO/borrel ot liquid oil 
proincticru 

20 GowcTjfl prodocts collected ftxm tltt production walis nay be 

atfdd for cxMite ^vnetration of cloctricity or otter puzposafl. Ttm 
oil-^haao potroLzva Which la m> b>tu3iiuBd ia snperiOT to ocoft- 
vantijonallf retorted ahala oil. ISoa £blati«a rata ot xigtiun which 
osn be B3q»ctad frcxa tba luax^le 1 situation is Ulustratad by tha 
"DC 1" flimTt-iop dsaignaticn on ^^nie 1. 
KWtt^ 2 

A sarisfl ^ injection anA produrrtlco mcUs are drilled into an 
oU. ahale f ociBtioD 225 a in thidmnma with 300 xa of overdburdan* 
Tha avacaga^ grada o£ tha oil. ahaXe inberval is 26 gallcna piir too 

:v) an deterafjwd by Fiscber aa&sy. 

Tha xi;«U pattern is tlia t3s» aovenrcpot cteccxibad in aconpla l 
Qxo^ thft o^aciog im 13.S n between vails iiistead of 22.5 n. Total 
prodoTtlan la 25,000 barrala/dny tzooqhout the Xifia of bhe project. 
The in jeotor to prcAKar ratio still appraachea 2 to 1 * tn tha 

J3 veils* the beaeon and productioD atyilpaant sra lEueilar to tJnam 
deecrltes in )^ceBpl0 I. 
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'iJ-ji ftJectrlOttl injcctifn rate i3 10. S3 x 10^ BOTA«il pai- day, 
TVsLi irnacti/» well tcoporatureH rnaci-i 7S0 'C and tbe prtaductirjn 
weiifl jpaach a fix\AX tcnporature of nm "C an^r a picctetion life 
of 9-10 ycwa. Prodnctlon cwkt this poriod avoragss 
ban:«lfv'<V(y per wwll, with t±» awerage nunbtrr of Dctive pnartirdng 
wftlls being dbcot 600. Thn heat ccnsiaqprtiDi^ 5,6 v 10^ miVbarrel 
of ik fl rid oil procaocxxL 

As in &aipla gasecus prcducts can ba xased for oew;itu 
pcMer 92iiarj±iao or other purposes aAd tha liquid prcxjucc vnjj )>o 
bi^^r in quality than coeis/^rtionaUy retortod sbala oil. Tba 
relEitiini rata of xctum vAiicix csn ba esrpecced ie illUutrutGd by th« 
"EX. 2** sitimtuan <3e»ignabico on Pl^rure 1* 

'Cable X liftta axbinatlons of oil, shale graiaw, thicAnessaa 
and gTade*^hickD2&8 vjroducta vbich are generally isuitEihle far um 
in the prcaBn^j prooe&s. Iha relativ<« posittooJS of socix qaxdkf 
thictotD&& (Mlucta vdth respect to tha relative ratej> of f InanciAl 
retoxzi are illuatnati^ by the Oesi^macnft "Ptttforrad Ron^e" 
did "EapeTiaUy fxcforred Ran^" (B.ff^R.] on Flguro 2. 



(?rart6 {qaOloofl/ton) PiicJtness <in) Gbmde x Thidoteee 

30 30 900 

20 45 900 

10 90 900 



Motrta daairable 9rad8 thicdoicss exfUBpliia ore nhonox as follCR<3: 

Grade fqailoDn/tnn) ^1iic3cno<» <ia) caradb x Ihidcnejtti 

30 1!^ 4500 

?-5 CO 1500 

20 300 6000 

13 «Xi 9000 

ID 225 22S0 



10 



10 Unocal, tha hlgtier the ^radc thidutafta pnxiuct tne nDre 
ck^irublB. The practical as^plicaticD is limited only by ttw Ability 
to haiOt tha deairad interval. 
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Meld t^gj Hc^agurttnftntj r 

Teste vsaiT© ooBtttaottad in 9n coccrqpplng oJ: oU. 
fcfmatloa wkurh is typical ci n;ft»tanciallv lJct»xnBahla and 
rfslativoiy thick oil shaljo ddpottita* thirteen borobolea were 
(3rUIed to tJaptha between 6 iSxX IZ m imd wn arrai^ged t» prcA^ida a 
pnttam of boat-ini<K*.inn, eteervatlcn and £lMi<t-proaLictiotn *Atellei, 
wltli the bc»7ChE3l06 Leiog jqsaoed ^bcAtt 0.6 a B^zt in order to 
provitte a reJfltivelv "pild aopruriticn of iSata. But wan jnjocfcod 
&t a irdt« of afaooc 1000 wattft par neone for five doya. After the 
heat-'iQjoctioti vaali tesperatnre 1^ zsached 450*^,^ tcspfixzitm 
faJj."c£r test uttft run finr cca day. 

Pi^sre 2 shOMS die vortical thenal profilov irt an cb&9Cvatioa 
wsllr AS a functicn oC tlriD, Tha <iata Citbod to a unthgnaticaX 
90].utlcn <S&ficrihixi9 the tcapacatdrv dintrllTatljan around a 
f inite-lMtgth iixki aoaarraj inBidfi" a jaedium ot thgxnal oanductivlty 
(pacallel to beddit»|) 1,25 ncal/cnnec-^C aod thansil <snd»rtjvlty 
(peacp pm rilnn l a r l 3,25 mO/at-mo^. <^lfto heat oapacity 
utilized in tte ralculiftians \ca» mnyitgd f xoa ths thenasl 
condoctivity/ thatmol difftoivlty^ and amiaoa balk density of 
cor^B xB;3ovexBd during drUling of tha Wdlla. The thezsoFisyaical 
pfoptsrtiea ta: tbe tba oil bhala in tbQ tASttf uara oc^iducted 

are surmaeisttd ia "Hti^ 2 . 



Figur» 3 ahomi radlftl pcofllos oot^utad fior cte tfiiddlfi of t>ta 
l^oatcd 2a» fbr varijoos baatin? tlmatf (t) « At tha end of a 
toqparatuso build-up twt of 140.5 \iam, ttsa «wraiga fonratlon 
bsDperatUEO Uitm^ tiis bastoa; and obsecvatioa imU mqa 120 



TRBlg 2 



initial ncsorwir TtBDqwmtnra 
Fiachsr As^r/i 
nulX ocnflityi 
Thannal Dif&oivltyi 
Specific ticat Capacity: 



9.8 «t: 

20 9allGn/ton 
2* ZD <fs^/(ss? 
6.6 X 10'^ cn^/aac 
0.224 cal/9a «C 



1288043 



PiguCTs 4 stow a <«nj>arlK»\ oi JLabjCTtcjry wjiuBS fij&ld 
data rwiirti'/Q to tJw tharnal 03w5uctivity putallttl tn awJ 
. perpendicular to tha bsdcSnq p^anea of! tte oil ahalci fioxxnoticxir a* 
a function of tHsp^ratura. laboratory oandtactivity tfoasu£«SQenta 
5 were nodes m adQacaat sna^laa of acres fran the obaenratlcD wdlr 
iLRjing ^one oorcfr cut pea'allal to and tsMm cut Feqpercllcular to tJio 
bedding plaiuvu A ai tro9cn-nakttD0&phft£d ta» used to eLiadnafa 
cacidatlon xeoctim* Tha samples ^«exe ccet£:tr&lr£d In tbo vortical 
direction but wan fm to esqaa;^ radiallyi Aft^ the asnplos ^ce^n^ 

10 heated to 000 thA radial eoqpaniian avaraged \.4!>%. As sihcMrx la 
tha figoires, the Laboratory valuott am in exoBllaPt agrraraent 
t2ta valUBs ocxiputed frcm the field data. TSC3C tuvtu iodicata t>itt 
t±te themal oortdtxstivity ia lover 1)^ direction pcrpttcidicular to 
tha bedding plnoa, beeau^ kero^Bi layesci hava a lower oondDCtivity 

13 than i±m dolondta matrix. AC tenperatureft bfilobf IQQ **C, the thaxvaS 
conductivity iu aaMmtially laotnsplCr as ctoervod In Uso fiold 
tests. 6ut^ that CQKtdiioti>d.ty 1 Mi. ! . wag increagipgly anisotropic, as 
tha Xiarogen is xecoDyed (at lonp araLur aa between 3O0 and 400 ^ and 
gasi begins to ooai^ the spaoos bebMian tha layarti, >bove 700 

20 both tha par^tlXel and perpeDdicular ooadLictivity Anctmrn aharply 
dua to tha ddodo^xmitim of ttm dolonite and evoltstiafla of CO^- 
When a subtc^zraneeai oil shila flaxnatlan ia hnatad tfta oil 
ahaU expands as the bSD|»rature inuroafiee. iihen the oil ahals 
tc&t^^atura xoadhas a kon^gen pyrolyzing tenqpsrature {for sxaxplo^ 

2S fron about 27!}-325 *C} additional azpacsion faeces «re gnterated* 
The kerogen is oonvartod to nuida ci^ablo of oi-c upy ing a larger 
volume than tha karogan, and soai fluide beocoe increaslrtgly 
pocaeeuxizad vftten the tcfoperatiixe is Incrctafiod. Aa rnora f bnd ia 
QarEoad and mora fluid ia haated, hydnmli rally ii v^nca d f^auim ^e s 

JO i:oim vitJ^lD tho oil dfaala fioxsrortiot). 

Practoies ^ch are tydreulioally Induced within aObtarraoaoA 
ooL-th finmatinna farm aLcng pXaoes perpenfl^joilar to tho leoeb ct 
threw ^ijcipal coa^xtsMiive stzeeses (i«e»/ one vertical and 
two nutudUy parpanrtinnar hroizcntal coopcaeftivtt stresses) «tUx±i 

.^3 CJdjtt vitliia any Bufatermnun orth foorartiac. Howooar, ^sxa tha 



hytottJhic frftctaren tend to ho vartiual^ tiorirontal fracUirec can 
ba fonsaecl ty In^auajig heated Ouiao OO tiiat tha wallji of th© 
viarticai fracturco arc heated urrtiJ they awcU shut. Thm, by 
{.i\crca&i/ig the n\\is^ injectifn jpinteiiiirB to greater tlf\on iTvorbuxriBn 
pres^rti, a boorixontal -fiacUir e ^) ba formed. fSoct) prcccsaca Tor 
thrao&Ily iodicing tha fonmticn of horizootal fracturec by 
injeccing cstcmalXy huted and presGoriztfd ihiidm are de^criJxd ijx 
pfttenta iwcti as t)ie flbcwtt-m»oticjre3 U8 Pat-eot tto, 3,284, US 
Pataitt No. 3,4S5,.31>1 by C.S. Hftttha»p Vwwwiro and C.W. 
ftnd US Pat^ Ho. 3,613,785 by P.J. CloiBK»n. 

Af^llcaitts hovo dUaoverodC that vhen subtttnntiaUy 
iRpBnoBab:ie mbtmrarcan uil sholaa hnTlng tte pre^dsntly spadCiad 
ccDt>ioatioD of gxadft 9nd t^dctaDS6 knra conductiveXy facatisO an 
^esosrtly ^xadfictd^ a T^ons of p^Tnrtrhi )ity iab iteweLcped between 
wellfl wlr4ilj\ the all i^slUi, Aitttragh the prcsa&ut imantum XB noc 
prfimiaad on any particular niacfaoniBi, in ^ oourae of aucb a 
trceititi^ tba heated oil sfaalft MttCMd as thoo^ it rum scfejootfid 
to tbc atbova-cfasoribed type of ^xcxxm for tfianoaXly Indocin? tJio 
formatiaD of horizontal fractores, Socb a baiiwdxnzr was not 
prodictable« sinco tha px^Kaent pcrooew is €S»ratad tdtfaout any 
injactioo of any fluid. It opfioaxu that when tbe picjeuL ygcoxsa 
cporati^ within an inpamrabl^ oil £tiAl0, tba is oita gBnaradnn 
and dn.j^^plaooncnt of h^taad and hi^y ^vssurizod fluids occura at 
the tdmea and to the €xte»ta naaiad to successively excaid aiid 
]:iOriBaatally trac t u m tttroogh ouooMSiva pm-tiaofl of tha oil ^ttile, 
\^t\m tb089 pctrticnd becora oondactxvely hcatod. TtA tcm baing 
boated appoara to und^go 5 iclativaly unifbDo, borizontal/ radial 
cxpansiOD tf u co ui g^ tho oil ^uLla* at tha rata set by tho thenml 
OQoductivity of tha oi.1 ^ale. lb oacb ducoaaaiva location in ^i&ddtx 
a XerogsD pyxolyzii^ tafqparatura la roacM, nuids apyaor to ba 
formed^ beated and pt^&ssurizad hd tiart aitetaiTtially any vtuctiool 
f rairturaa vihu^ are famed within tfaa haatod zona are subaoquosttly 
cotivertud to boricGntal fractures. 

Appiicaottf' testa Indioated that sibstantially ail of thm 
fluid pyrolyoifl prodbcts of tha oil stale tended to r&uxin in Oct 
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roacr tltt> Ixsartiocffl in which ti>o^' were fomwd unUJ ttTcy wexQ 
filisplaced, Uuuujli wbnaotially horilToixtal fracturca, ioito 
adijoining tbo hsat-iniecUiig well*. In nddition, the fraeturef 
i/^thicijig ^essmo of fluids dn ths lioriiaantai fiactwrco appeora to 

moved away frore tha botbwit portlonji of the baatftd anne. 

TtTua, th» pnamt proocftc seam to inAxx: the roving of a zone 
tt£ tero9enrsyrQly2li>g temperatures through oil sh&lft 
iOTBdiately behliid a zanm o£ Jjocalized fractnriiig in which th« 

10 fratctur^ sra, or soon bttoom^f harirontal friacturaa, 7!sa hcatit^ 
art^ CiacturiAg ccnea sees to undatga a substaotifilly miiixxu 
hari«oncal# radial «cp£inaion throu^ tha oil ishale* uutU ttae wjne 
ol: ffytrtnr iog roachcfi a locatuTn (smb aft the bor^lA of & 
produtAinci wall) firm widch tha o3JL ahalc? gyrxalym* pxcductas aj» 

(3 wicbdraui. 

In addition^ applicants have diiscovnned that^ at laaflt ubam 
the ovcrtxirda^ pa^oasurft la wall, tJtt 2on» a£ pannpabillty that i* 
ctofltad bQtHwn adjacent walla rvtoina a significantly hi^ dofsrem 
of pcisfittbility after tha tenatlone harm cx»lAd, Thjm it sppears 

20 that/ <99ac if tha ovaxtard»i pxass&za ia bigib/ an a(plicerticw of 
tha pveoent pcooess la capable of fozsting a yj n tft trnv i ng 
zcoo Id uhich tha ponnMbility raaodzia high or can ba i-eadlly 
restored by an injaction of fluid after asna or all of tha huat haa 
dissipated* And, the daepeoa and location of that penvBability can 

Z5 be ocntrolled p^* contxolling tixa rata of reoDving ♦1t>4h fxm the 
prodociJtg walla. 

Xhb data obtained mfiasuraBectts Id field tasta of ttw type 
dencxHsed abcm wftta incluaive of: the themal conductivity of tfaa 
oil shale faxnatiav the eaeamt at oil reooverahla fay Fiachw 

20 ajialyrifi at varirjoa daptha batad intexvads of tha oil sthale 

bafiore and af tor tsautinq, the measuroDant of tba anomt of 
p/mly9is pcodcctfl reooMaradr and tte like. Miila no ooDCimicatifx) 
QXiiitad tgtweeji haat in^ectoca and parcdooera at taat atart-up, 
indooticxs at th« end of the test dencoatratfid that panaaobia 

15 chamxila had fiDzoad* Ttm resulta of atandacd englnoaclA? 
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oalaJAtioRa were ij^llcati.vn of the ^UoaLliity of a i jxujgp*, of 
tha typn c^e-rarUx-d atoCMi to tha rf-iults obtalnad by tha teatai, 

PiqfDiT9 5 .Is a <jraph of PificSwr Af^^y yicltte, £ixj«i tha tar^ 
2<3D^ in th« liald t<i9t, ac a function of (Sftpc)i P, Tte hcatod 
3 interval oxtnodBd from 4.2 to 6 ni. liiu aniid curve sJcm tbe >'iQldls 
hHfore the heating tnttrtmnt anA tfte- <3ftfih^ curve the yielxSo 

aftftr TT^orting uas cxxviatirf. ^ yioiac bafdra aocl affaw^ ^mrtt 
otfssntially tba ?3ni» a:tt£idc ttu bsatacS iQterval. Us xocasurttcEnts 
were ooaodte oa aorea frcci the centre of tha pattexn bofnre hsatljcg 

1U arxi on coros about 13 csn away atter hoaUji9« TSem variations Wliich 
ara apparait iQ thoda yi^da are vithin the omDol luaita of 
aooumcy for tba ncajiuring of. isuch vaiuefs* 

tvltiiin thA hatitad interval tbo Fiee^ar Aasay yitO^ drops finxa 
an average of 20 galiGna/tnn' be'fore the t^st to lees than 2 

IS giilicna/ton afcw^ heatixsg. Haa ratortJng ftfflcieiicv within tha 
prccefifi ecftt *nn thus better than Mi of F34f±ier Assay. 

The pattam and extent of tlw rooovwry oonginrw the fact that 
littie oil uas lo&t tha produdiig Iiorlzm thix xii^ vet:tioal 
fractures. In additioo, tha miAaxmitv In rotortinqr afficienc)' 

20 through tha hosted zcoe, Ijndicartea ihat thezral fronts ware 
appeoKSJcut&ly uniiona oiwr rost of thd haobad intervsa* 

Tbe uniioaaity of tha thamal froitts is even nczra apparent in 
Pigorea 6 and 7. Tliey aboir h:irirantal and vertlcaLL tes^)eraturo 
profiles oalouiatHd Cor a mt of vert.lmT badtera in a £ive-qpot 

2r> square pattern. Tha set oaad in the oalcuiatioos included taax haat 
injectors and coc oon tr o prodboar (not .qiwix, but centered bortweea 
the boators ^bown oo tha fic^^n^es) . Bacb lusator uaa aasumd to be 
.^^4 m long and haahed at the iraha o£ BI4 WAil 

'itie pocDfUes la Jlgura & (9ra|^ of tCD^oraturs varlationft 

30 with diataxicns ftcm the hcfirtersi ware nslrulated alcng a 'axiimtal 
so^uofit I^Ij %ihich axtendfl tfecugh tixts ddd-pointa of haatera at 
n^^ceifx- mmars of tl» tiqtypre^ Figure 7 is a &liiliar qi^sfii of 
^afiies alrrg a vttctiad. m^neot ^1^ en the axis o£ eycnatry of 
tba pattam* 

:j3 Suc^ calcnlatjons indlcota that by tba titoe rstnrtin? 
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fcoofaraturafl (275-335 ^) iux- reachad at tha «nir« of ttte iJirttcm, 
ucrc than 87% of itji vnlim baa been cunvorbid «4ula only «dxut 14^ 
of the ccffwarted volunu h^ted to core than 225 *a FUrtheracre, 
tb9 calculations ixdicstte that If tbe pasccx is ^^tf^ a£t or 

3;i5 th« Ravelling off of tfaa tfaEunaa fnonuo will still bait th« 
centre o£ tho pattam to retorting tacnpfitrfitiirgg «wa wiU also 
roAJBOS tha tsa^/oratsacm ri^a at the haetxitA. l&xLa cnodB n< opcocation 
can eRSur.e losft thm 10% of tba heated volisno Is hoartad to 
TTtM thaD *^C« and tlnua cad ixdawu^ tha thsrnal efticicaxy of 

In view of thd obav» taat i:R53Qlts and tho oolcolikticniit ba»ed 
csn thnaA resQlto,r It appeara ttiart, ooDtra to the parlor taochijigB 
oond b H li of ai tt» ijiitial inpttroBability of an oU ahale d&^oait uon 
ba utilised am sn advantage. Ibo t^it^l i im ii m fi hil itr ccnfij)&9 
the fluids aaod £ractms witiait tha wsH pattam, si/tcs cx> 
pacrnaabUity exlats until tha soqa batmen the teai^-lnjtictio^ and 
flai d h pajti ucing \«q119 becooe persaiatad by a pvttaxn of heat-iiaducodi 
hocizmtal fractovev* 

XQ tiia pLCfa e ait paccceaa, tlte rate at vhlch fayart ia trHnvTitt«3 
into tihs oil sfailo dapoait is Btxm^ly affected by thd teraporartuxo 
gsaclijent tsertifaen a hMt-injectlng wtsll and the aurroondiit? earth 
fr^rm^t\a^• In a panufcrrad ^ooedara, tha dAtatsdraticnB of 
variaticQS yri-^ dopth in tha ooaipoaitlon and ^opejctli^s o£ the oil 
flhalB defioBit anclode a dotonoirtttiofi of the pattam of heat 
cotnductivity with d«pith ^thin the earth fcootttiCDS ad:iacttit ta tha 
heat-iojacbtng \mlX. Based cn such datBttnnstiaeia tha teeapereture^ 
to vdxich at laaat one haat-injectincr veil is heatad ana utianyM d to 
ba relatively hi^ at the depthe at whidbi the heat ooodaccivities 
of tha adiacnct earth fioxnoticRS aru relativaly lotf» Thia tenda to 
oautM tha rota at nhiffa heat i« trazkoaittcd I hrrj ii ^h tha eaxth 
fiorrnaticna to ba ajtatantially fmifbooi aLoct9 the axis of tha 
haat^iir)eccing veil. Koaua ptooactew cm ba xitUlzed In ordsr to 
providB higher texpemtares in pc>rUiM of beat in jartingr wells 
adjaaant to nurth fbanations of rolotivaly 1cm heart cnndjctivity* 
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For «x*TnpL«, ia v«11b vbtch are b^ing heated by eloctrical 
rdsircaac««, Additional raalstant olcMAtfl can be ponltloned at 
tho location at ^hlch extra Uaating 1» r«quir«d, preferably with 
prec&utloofl bnlng takoo to avoid xbe er«atloa of "rvin-av67 hot- 
-pots" dua to iocraaftlng taitparacur^ further Incrcavlag the 
reQlstanee and thua further Incraaalag th« heating, for «xampl«» 
aa deaerlbed In tha comnoolv a»6lgiia4 Canadlw patent application 
Sarial No. 49S«8S4 fllad taovenber 21, isas, by P. VaaHouxs and 

10 C.F. Vao RffmoQd. in valla bainp heated by eoiabustlon, nore, or 
lar^er^ or mora heavily Clradp burner eleMnta can ba poalttoaed 
ip <»ucb loeatlona. 

Suitable detankioationB of comj^aitiona and properties 
of tha ninarala and/or organic oonponenta of an oil abale deposit 
and the varlatlooff with depth in ouch propertiea can be nado by 
neaoB of Titxom wall loggln^r reaarvoir sanpllngr and the ItXa 
enaiytical proeedarev* The deteraioationa can utilise pravloualy 
maasured geophysical or geochemical data or laboratory or core 
analyaaa^ etc. for exaapla, tbo variations with depth in the beat 

?0 conductivity of the adjacent fomatioba can be deternined by 

calculations based on tha kinds and ano^mts of aatarlala preaentr 
a2\d/or by tbarMl conductivity logging Masurenentflr ato. 08 
Patent Bo, 3,907^227 deflcrlbaa a logging tool containing a 
constant output beat souroa and three teaperatura sanaora for 
obtaining a log of relativa thamal conductivity vith daptli. US 
Patent ?c. 3,892,120 daacxlbes lo^giog cased or open borabolas for 
teaperatura, spaoltlo beat and tharaal coodnctivlty, eapleylng a 
constant oiitpnt beat source and three taaperature sensors. U3 




-20a- 63293-2743 
P»tant So. 3,864,969 de^ctihca a logger tot roafcln9 atatlon 
ncieurenantt tfa«niAi conductivity by beatiatf a farmatlost Cor a 
tini« th^n owaauriDg tti« rate ax, whlcb Ui« tcmp«ratur* dticaya hack 
to tta« anblaot taa^ratur«. Ufi p&tftot Uo. 3^$dl,iSv dQ6crit>«» 
1099io9 thanral oooduotivity of a caved v«ll by ta«Asurin9 tho 
t»np«ratura of tha casiAg wall before and a£t«r paaBlog a haat^d 
proba along vail. 

Aa indloaced abova, oveo vltb cespact to a fiva-apot 
pattaro in vbich a alagJa fluid- producing vaXl lo aurrouadad by 
four boat-injecting valla, auibatanclally all o£ tba lnter\'anit)g 
oil 



1388043 



- 21. - 

shale cea^ hz both retorted and uodw penraable* Housn^, tha ^esertt 
liwentlon is E^cferedbly ccplcycd lii a i^rititt o£ ctnti^cma seven- 
or ttUTbecn-spot patterns — in dthfti* ol wbicis pattain« 
(particularly in tJie t±drc©eiv-5?)ot pattcra) the xebarting mtH ist 
^ aignificantly incxvasBd by having eacti fj-uid-pxortjwlng well 
currcxjDacd by &ix or twelve heirt* inserting velJL?. 

'Ills veils used in the pr&scaYt ^>coc«fcfi o-in be ccsFplHtei by 
Bubfltantially any mattaid for cJriJJittg a t5orchole Into eaxVar 
oponing a iM-«d«tlncr boti^3e into lU^uid (xratmication with the 
sxtbterranean oil shaitz lormticn to bft u^itd oa an oU !=^ia 
tzeatinent intffrval. In edctiti<x\ ^x> haviixg the s^wdfiod ahsmnau of 
tfigni finrint asoantB of snbile voatQr^ t^^cnes9/ grade- of oil 
(d^il&r the inrterval to which thm pirenent pncx^-s^ iff ac^pLicd stoild 
be o&paiblo oi o^finlitg fluid at hsast Babctaotially wtttdn the 
treatrpffirtt. intervalr at least in re&poct to allcving nu ai^iificant 
leakage jxito ever lying Uxatlons vihen the sanosairo of tha fluid 
xeachfts prcoem prMnorer and fractures tl;e fc»3rati<m within the 
trsatznent ii3t«rval. Jt» borahalasi of «g«llB cmpletad far usw in Che 
prcdont pcooQss ahoald be sii»;tatitlally iwinllal aiai eoparated by 

20 8uimtantia31y ec^oal distances of at least about 6 lo. Doope^iole 

GEipai-atiun difitaax»6 hsAstamm injectora and poDoancKB of trca about 
9 to 30 m are particularly saitatilo. Sbri^lag free of di^iaticeta 
fiTJin parallel, vihich cause variations of inMre than about 20 per cent 
oi tho wffll distbDOGS partiuularly auitabla. 

25 xn the heat-ijijecfcjng weUg wsed in ^ present ^ooests, 

ccsncot or ooaant-Uko iiAterial uhleb is used to saal aloog tbu faoa 
of tbft oil ^-10 fbrmticn i« preferably relatively heat^xcdoctive 
and substantially fl nid-inpanneahla , Partioalarly prefaacred ccsnents 
nra ^tabhc ;£t tdopttcatflrofi of at Ittaat aboizt 800 ^C, hava a 

^ relatively hi^ thftmnl oondUctlvities^ relatively lav p<ijrfw*>l 1 \ ty, 
littio or no shrlnl>age« an adequate ease of pcn^ebility and good 
ctVQdcsU resistBDoe/ etc. The penflwbility and diapoeition of tto 
■iwling raterlal should poco^'lde a ml capable of prefventing any 
nignificant aecunt of fluid flof bet»anen the interior of the 
tCP^Ie and tSm face of the oil Bbale £araatloD^ so that tha 
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Lrav^for of heAl frccn the ^ajU to tha fonnatiicn is mifanti^raally 
^AtirGLly >T/ ocnrlucticn. {^.zo portioos of thct hcat-injactmg vail 
boioholA ar» h^^jvqJv incxeased in diasnct^ near up^per and 
cxtrcadtitfft of thu Lmatxigji t iirterval, for example/ )^ under- 
s re«QQing« the dlAuatBrs of th» jjicnsaad pnrtjonA artt prBfinra^ly at 
least atxmt 110% <^ Ube ncmiftai boridntilB dLiOBBtcBr* Calcdm 
alixidnate-bcnded coDCxetes a^td/or cg a aDia oontninirtg oiunin*- 
eilicats aggregates (or fine jpartJlcJ.es) axe particularly siiltdblo 
Cor U9C as such hiatatian tac^B^Xvng iC0terrlal«« I^c9ii|3le9 o£ 

10 suitable oenents ^ oancsc&CBA IjicIadB ttefia described Ixi OS 
jTatenta su<A as 3,379,232; 3,307,332 aDd 3,595,642. 

Picnxze a abown a portloR of a hcat-injocting veil botCihaiu, 
boreixjla I , \jhlch ia &uitable Cor uee In the pzescnt ii^vuition and 
19 located within a trootOHnt interval of 9ubtercanearx oJl shale 

13 depofli.t. T^eltolc 1 ocnt&ina tfrilnrgwd prjrticnSf soch aa portims 2 
und 3, y^tojdb can be fonred by oomeutlMud prooo^oxcs such as 
undom»air^ daring drillirci, ertCi h caalng 4 la dx3wn positijaRed 
Vfitdiin the borotola and l a^nn l ml into placa^witl) a fluid* 
iirpenoEsablo^ hoati-coodLictlva material/ sodh aa lolblL^ 

20 vathin eacti enlarged borebole portion, tho cas-ijig 4 is 

eqidfipBd with at laaat ona beat-oandootiva meeajL elsnent r fsacb as 
collar 6f cantairilng radially extttnai\'« elententa or ^prtipPB, such 
as fXexUble mscal laesbers 7. Bocb hca^-^oonductivo natrrlflla £orm 
rcLntively highly conductive pathe finr conducting heat fxoQ wltbxn 

25 the. interior of a borehole to eiisatantially tfaa wall of an csiiarged 
pcrticn of bozelioia, ExaKplea of £euitable heat-conductive netal 
ftlemsxts inclote oetal wnll acratchera, turtolesvsa Jtndacwra, 
oentxalizers and the lite 9aat\ aa a QBDraor-Iok Tt TYtyfmdar , or 
Bcltick rortittodar, ovaili*)!* froa teknrline diviaicvi of 6a3De9r OU 

SO Tools car a 101 Bar 8 ocptra11-^w awilnhlg 2xqb Aotelxape oil Tbol 
aivi HsruCac^jrlng Ccmptwi/, etc. 

With an axa >i i| P U B il; of the t^^pe slxmn in Kigare 8« at'leaet to 
msttD tiBCtaat, tim fctzxt of heat trvmitted amy frcn a hot- 
injecting well con be anda mre imifbra olcnq a vertical Vine 

J5 tiworaiiKI a layer of relatively Iw bmit oondnctivity without tin 
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n«cMsity of nalntatning a bi^h^r tenpcrDture io the pnrticn of the 
vArll odjocvri: to that layer. Whsn a unlfotso tuiiputsaturB ia 
inaim-rtlngtl '.pntMn tn» interior of the bordboLa, thc^ earth £hnisrti.cci 
face aloRrf )»ucb on «iilargBfll portion of the borcbolo bco aaB s bm f^ 

norcwer portions of tioc bQi«iboXd» Sinc» t!tm faco of ctia focuttiosi 
s»ijoiniQ9 the borehole is haatod to tha highafrt tenperatorv of any 
portion is tha fazaaiicni {hs toopcxftburc 9rd;HaBit ctxtaodljig 
rddlttlly ffi«ay teaa tfaa crxlargad pcctlQJi of die boic^-faola is ahifttd 
radially aiuay £rcn tloft bo£«huJe. 

Tn genaxal, tte beatinc; of tha intaricff of thd haat*iTi>K:tii>g 
viail COD hm aoocspli^hed by ft;tetantiAUy ooy typs of bsatin^ 
devioe, sucb a& corfauatioi and/or elactrical type of hcatijoy 
oicroents, or th& like. Ttm basting eljooent shral^ e^xtCDd 
auhntantialXy throughout tfcii^ Lmjluwit interval (prwfarably 
throughout at lArWt sbojd dO per otDt of that inrtuxval) « Hhani a 
exrtXMt.lrti typa l-jcaatiitg itLaxirat is U89d« a gas^^fired heatsir la 
prof^n-od. nba fbdl asd oddaQta a cxxitcioticD hotter Isucii ad 
natham and oicygsi) aro ^Tolerably atvpliod trou^ separate 
conduitfl imaOinq tlvcugh a heat exduo^ar in whiish thft 
fluids ara htt&tad by tha oufcflOMixtg coBtastioa prodocta. t&o burxttr 
licuaing and fluid oonduits of a norijuwtlm hmtar ara piBterably 
installed witbln a wall cooduit ^A^ich is aumyjodad by on ancajlar 
apace thtst ia filled hy tha ceoaent for sealing the face of tha oil 
shala. oaofirally suitiibla typsa of ooo^Htion hea:(3er9 ythUii cculd 
bs axrangod for use in the peee^tt ^ooaaa are flPBrribM in US 
Datetta aoch am 7,070, BD2| 2,780,^50 2»903«270. 

An eXectrloal resilstaaoo hooter is particalaciy suitabla 
heatdsQ tl^ iafaarior oi a baBt-injectin? vnU in tha preseDt 
process. A pLuoralit? of rodstaoae oltftaots ar« pcBfarably osd. 
Ote rmiBtanoa alflnentai c«n be Bcunted witdiln or cxtisnutl bo m 
intariaa corvteit or cod/ or sijiply extendod into the boantfiolc. ytoan 
tbc rauiatoroaa art aKtaxrail to, or ara trm of a an^porbifig 
al«atttntr sudk as a conduit or rod, tfaay aza pcafarably entiedded in 
iJie cnrmt ^ilcis ecaU the faoa of tte oil ohalft aloog thft 
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txoabcfint ixiton'aJ. Ow-mUy suitablo typee of electricia h»artHt«i 
which cculd be oxxangod fiu: nm in present ycocei^c ara 
daam'ised in US Patoxte SUtl) a» 2,472,445? 2,^M,063> 2,670,802i 
2,7.12,195 ajvi 2,9S4,826. 

In vari.a5W iBWTvoJx siboatiXM, porticnfl of an oii Bhain 
deposit vihicfa Mcold, in 99neral4 be suXtebic for uw* mc a tzeotzotot 
iiiitCTval, as <^«7rihwd in cur painmt arc>)JcataiCQ» oay bo fi^m^tad 
by Tuiurai fracture^t avi/or piareH of vea)cne7}9. Cuch relatively 
vceak rocks may VQideiigo relatively long oxtaoaiGnB of vartical 

10 f£actuara« i^ben prMaurized dxildo being di^looaJ ioJay £xui on 

Injectioa wall ntfM into ttna^ This imp rMUlt in exterdio? fluid 
pasfifajgmiys Ix^tancl tho opcnin^tt into pcoductinn mUJ^ oixVor into 
«bC]joc<Bnt aqMLfora c^ipablle of canslng an Inflor of Kobsr to ao 
oxtant dHtrijsntal to tt» oil recovery j^occss. 

JS I9e> tiavo rxAif diuuovned that soch pgnmature frziccure esctercions 

cam b9 an^oidod by drilling and hum ti ng *giurd mlls^ within such 
rulatiwOy \mwk oil shalo zctsea in locatlonft oitxoucdlntf a pettetn 
of ]w<rt injectlQ^ aM fluid producljig vgells stsiUoc In Inmntinnc 
iiYtcrroittcnt b s Lwaau a hoot injActon? or fluid producing well at)d 
an adjacQsit agui£ar. Such guard w»lla «r« U99d for oondoctively 
heating cto adjoliung fhTKntlnng attetantially Ut» . ujKiit the oil 
n}iala intfirval to be ti e at e d tt> a facnperatnre vhich is too Icftr to 
gasify tdgnificaot pxapcactiorai of the oil ^ude ^9axxic ooD^^nents 
but i» high enougih to oau£tt a giyiilHrTtnt thaacEoal ezponKlcn of tta 
rocks. ti9um thom rc^cs are heated the natural fracturos are kei>t 
closed and tba fracturing caaMd by tte apptOBi^ing pcessorlied 
f Ime^ (displaced aaoy fxon ]««i:t-in:}Qcting wella) tsoda to )m 
llxidtoi^ to horiscotal fractirraa oancantratsd alntg tha Qidos iievteat 
tci thn beat-^ivriecltlTig well^. Mtnero flnld producing are 

30 iocatod sobatantially faatiMci the baRt-inrlactlDg vella and the 

guar^ wUst the .br^ctures Skic ^tfttfitMitially vactaedid ixxto ttson 
well£:, vbsre the high fluid pmsum axtt quickly xvd^ioad by thft 
prtaiKtion of the inflowing fluid. 

Ifaa encDontflering of each relatively ^mk reser^dr rocks ie 

35 a(pt to be indicatad by on inflow of wetar into tael la drll led into 
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sucil rocfca, m ganrsralf tha DAtun&l £bis:t£urta; crrcstincr «) i'eLati\'B 
waokmsQ aivVor unter inflc^ can be tiieuaully c1ogi3<3 by a 
r»lativ<B3y mild h»axlngr aji Lcog (w tho fracture potoalty in Dot 
acre thsn obojt 5 par cen^ 
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C T/ M M $ 

L . In a pxoooes in M.dti oil is prodacad frm a m^>terr<ai!»n oil 
."Jnl* deposit by oxtending eit iuoat ana euch of baBt>injectiJi9 and 
£lttid-pcczkdn9 mq1]» iiito tte dopooit, efit.^! Ifihing a bnart^ 
OGBnductlv« fliddhiapoTneable barrlex bofiuaen the ijiterior oC oadn 
hMt-in^cctlx^ «oll <ind tlia adjacvit d^xsait, and then haa^ting Chft 
int^car of eda(A\ beat-Injoctiog Mill at a texputrbm sufficient to 
uOnductivbLy hoot oU. w%Xt kerogsD az^ obum pyzolysiA tmdtctft to 
font £c2K2tux«a within th« oil. shale deposit through whlcJi tixs 
pymlyslft products one difiplocsd into at leasfc oos production wsll* 
an ia^jxcvraent for cnhandjo^ th» uoiftuitdty of the last f itxits 
novio? thxo^jgh ttta oil !dude dc^Goit, crrnpiinpfli 

dlBtezBdning wictiixis with deptii 3J) the cm^iu qi tjaa aM 
psopcxtios of tte oil ihole d^osit^ 
cooplecing said haatrln)ectlng and fiuid-ptoducing Mall^ 
sisiaotiveLy Into a troataonb lAtazval o€ oil ^lala in which 

oil shaXe dspoait (a) is at least about 30 m thick, (b) Is 
sdbatatttially ija^mraoatola snd fiBa ot nobUbe iiater# (c> ?iaa a 
occyoaitioci and 1iiiokn!ft»6 sdch that the tA iud uu L of tin ax^ecago 
Fiachar Ajmy 9r«d8 111 B P S tha thickness of tha t rea aaep l 
intarval ia at loaat abTot 900, and (d) ttaroiby containa 
ocaponentA capable o£ iDboractingr & tBoaar anteEing tba 
ui^ifQindty of a front of oonctac t tvoly tranniLttod haat« wltb 
said walla baiiio Brrongad ao tiuit, at least siAaatontiaUy 
chrcoTtOTt eaid tcMtnent int»ival# tha mil boxi^lM are 
substantially paralUd aod at9 aapriffitaft by sttetaDtiolly 
eqvai>. distanoeB of at least about S a;, and 
within tfaa intaricr of ^vdi heat^injeoting vaU naintalning an 
own^s tsaparstuzv f^idir ae2activ«ly aXon^ aaid trBatzient 
intooeval, ia at laast about fOO ^C, bat ia not high aoougb to 
thecnally daaage gyd t nent uithin the well, utilld baat la 
beirg transnitted iway firoa the vail at a rata not fiigni- 
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ficentLy fastfiir than th&t pannittad b? the thanoal cxw 
tetivities of the earth ftirmnticgifc udjttiasnt to ttm bBotai 
intmrvAl (rtthdn tJ» wU. 

2. Cift poroottite of cloua } in which^ to the «ztent ineqEuirod to 
koop thv ratu vt heat is tranaidtta:S U ir ux^H the Oill sbaTe 
df^oolt c^totftntlrtUy igitft>m aioog tb:: axe» of tta heated ijitctrTal 
of tho heae<-lD)ectin9 >aU, the toipttratuxa at Uiich at 

lauct ona tent-tnjectii^ wlL is heatad ifl raiativoly iolghfir At 
dapthtf adjacBnt to pcDctioDs of lbs oil sibalA cteposit in vhlch the 
boat OQBtdilCtivitias ora rvlativaXy loMr, 

3. The pacoooss of cl^in 1 in which ths rota of hiAktinQ tfaa 
iatmriffc of at least ona hea&^lnjcctiDg wall La varl£d to an csteat 
causing an ffffwrtiva levelling off of die dvamaJ. front no t:hat tha 
rate ^ advanca tfartvgh tha oil ahala of tba thanval front in 
ooictCQed at a^daatmrlAlly tha szoa rata uhila tha x:attt of- iivx^isesi 
fsf tha tai^aratura wlt^i^ tha boteholo la ai^iflcantiy xodnood* 

4. Tbm pEcxsaaa of rlain 1 is ^thlcb tha heat-ln)astij)g 9snA 
flxachpcoducing \cailfl ara euraD^ad in a Farias o£ conti^uoitt 
pattozDS io aach fluid-producing vail is giirminriaril by at 
laaat four baafc^injectuig wcUa. 

3* Ota pwMwa of claim 4 in ^ihlch aa^ fluiChiNPOi&ic^ng wU la 
sortouodad by twab/a hrafe-is jci±is9 wlln. 
6* prooaaa of clain I in uhid) tha oil &halc grado la at 

Iioat about 20 ^lOona par ton and tha 9EadaH:hicdm898 prod^jct ia' 
at laaat siaoot 4500. 

7. itse proocas c£ clala 1, cax^tistia^ tfac atopa of 

in aach haat-anjactin9 «ea3 r aubstantially thcco^oat tha 
txaattRsnt intccvai^ the faoo of tha oil ehala fomatlnn 

vitfa a aolid natarial i4xidti la xalctii^y heat-^ooodDctiva aid 
atetaDrtially fluid ixpanoaablai 

iQ at laaat ona heatr-injectiag veil incroasizig tho affectiva 
dxjwavar cif Che baaahola in at laaat oaa pcaction of tha troitment 
inebervai nl aottKidlx^ at laaat oaa htttroDDdootiw vatal alaaant 
fiDGB vltiila tha IntftTinr of tho borataola to naar the taoo of the 
9Ch<nlais9Bd portim of tho boichola? aofl 

In oacti fluid-pzodusing wallf cobsteitially tboncyghout tha 
treatmt intervals actabli^hing flald coomnicatkn toatHsan tha 



- 29 - 

ymV tore ar^d the oU si»io fanwtica ^ azcangliig t^m ut\i tor 
prrducinq f Jtiijrt fro» Lhe oil shaift fooacion. 

8. Thft prooMs of daia 7 in \<hl^ tlM ra±sriai saalin? th» fsn 
of thsr oil fihiLla fonntiDti oinng tha banabolQ of a bawt-in>icbiiig 
well La a oesnoi^ arra&ged to fill suistafiti&llv all of tlsc space 
bettdren the outauft^t joatallic i^^mmttA within tho int^rinr of tho 
borehole and tJ» faoij of th* oU *«J.e fonsttticn/ ^Ch. 3?fW oanwnt 
having a them^l aocK&xrtlvity at 3«urt n^;iafTtant.ialIy aa hi^ iia 
that of tho oil (ihala fozna&tido. 

9. Ths porocesfl of olAin I ui x^yiOi at iMst ons ven locatad imr 
ao edga of a pattern oi hiMt-.lnject±D9 ana fluidhpioiSocin!? valla la 
aaettiCiJdi subiitantially thzcuqhcxit tha tsaatavit iotan.'ol cod haurtadl 
at a teirpaxotyxr^ ttnc»^ to cna«a a Hianml vt^ofi^Unsr and/of 
ccnprcsoivc ctzcsslng of tho -adjaoostt oarth ConoGctlODS bot Ijon 
encugh to avoH algnitlcBDt thsmal lanha.l 1 Taticn of or^^onic 
caapassBota of tha oil abala« 

LO . Tfic Js^eooooB of claln 9 in vftiicfa at Icafl^ asa fio heated well is 
fiubsequocitly boatedt at about tte teaporature aelactedt Cor tte 
^eatjng of haat-injecClDg veils being enplcyaa^ 
11« tSia pcooeaa of clam 1 in ^^hi^ tM «all hrrrmtnlaa q£ amid 
haat-injdjticei md flnirit prcckjciiriQ walla asa aaparatad ty 
substantially equal diotanoea of about ^ to 30 m. 
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interval of oil shala^ vdifiice the intuval Ls iiiLtlAUy 
sul>6tantlally in^^sorneetblA and cortaim a epscUioa gcada and. 
thlckDCOT of oil 3hala» Said iotjerval la ccndpcttoely heated fron 
boridaalfl iAtfttiora «jhlcb aro lupt h ott ar tluc ctoot 600 and arc 
bcatod at & rate sodi tbat ]«ero95n pyrolysla pzodort.'s fcvxnDdt lo.tkiln 
t:h» oil ebaXa czsate and fla^ thmtqh borizmtal fnactoiofl which 
a ubaa qufitttly faeocno CBL o nd sd Into fUiltHpcalJclog irolls tlat are 
positioned la apadflad locatijona* 
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